We investigated the effects of losartan, an AT 1 -receptor blocker, and ramipril, a converting enzyme inhibitor, on the pressor response induced by angiotensin II (ANG II) and carbachol (a cholinergic receptor agonist). Male Holtzman rats (250-300 g) with a stainless steel cannula implanted into the lateral ventricle (LV) were used. The injection of losartan (50 nmol/1 µl) into the LV blocked the pressor response induced by ANG II (12 ng/1 µl) and carbachol (2 nmol/1 µl). After injection of ANG II and carbachol into the LV, mean arterial pressure (MAP) increased to 31 ± 1 and 28 ± 2 mmHg, respectively. Previous injection of losartan abolished the increase in MAP induced by ANG II and carbachol into the LV (2 ± 1 and 5 ± 2 mmHg, respectively). The injection of ramipril (12 ng/1 µl) prior to carbachol blocked the pressor effect of carbachol to 7 ± 3 mmHg. These results suggest an interaction between central cholinergic pathways and the angiotensinergic system in the regulation of arterial blood pressure.
Central injection of the cholinergic agonist carbachol as well as angiotensin II (ANG II) induces pressor responses mediated by sympathetic activation and vasopressin release (1) (2) (3) . Electrolytic lesions of the anteroventral third ventricle (AV3V) region impair the pressor response to central ANG II or carbachol (4, 5) . The periventricular AV3V region plays an important role in the control of sympathetic activation and vasopressin release (4) and is suggested to be the site of important angiotensinergic synapses involved in fluid, electrolyte and cardiovascular regulation (6) .
Over the past decade there have been numerous studies using intracerebroventricular (icv) administration of ANG II receptor antagonists (4, (7) (8) (9) . Studies with central injection of ANG II antagonists have shown that central angiotensinergic mechanisms are involved in several forms of hypertension. In conscious rats a consistent pressor response is observed after cholinergic activation of several areas of the central nervous system such as the circumventricular structures (10) (11) (12) . Captopril is one of the first potent competitive inhibitors of angiotensin I-converting enzyme (ACE) (13) . Recently a new concept has emerged, namely that the inhibition of the local renin-angiotensin system pres-ent in many tissues is involved in the antihypertensive action of ACE inhibitors (14, 15) . In the present study we determined whether the centrally injected AT 1 -receptor blocker losartan prevents the pressor response to central carbachol in rats. In order to confirm whether the pressor response to central injection of carbachol implicates the reninangiotensin system we also utilized the converting enzyme inhibitor ramipril to study its effects on the pressor response to carbachol.
Male Holtzman rats weighing 250-300 g were housed in cages with free access to food and water. A stainless steel cannula (0.7 mm O.D.) was stereotaxically implanted into the lateral ventricle (LV). Five days after brain surgery, the rats were submitted to further surgery to cannulate the femoral artery. Arterial pressure was recorded in unanesthetized and unrestrained rats using polyethylene (PE) tubing (PE-10 connected to a PE-50 tube) inserted into the abdominal aorta through the femoral artery. The cannula was tunneled subcutaneously to the back of the rat. On the next day, the line was connected to a Statham (P23 Db) pressure transducer (Statham-Gould, Valley View, OH) coupled to a multichannel recorder (Physiograph, Narco Bio-System Inc., Valley View, OH). Carbachol (2 nmol/1 µl, Sigma Chemical Co., St. Louis, MO), ANG II (12 ng/1 µl, Sigma Chemical Co.), losartan (50 nmol/1 µl, DuPont-Merck, Wilmington, DE) and ramipril (12 ng/1µl, Hoechst, Frankfurt, Germany) were injected into the LV using a Hamilton (5 µl) syringe connected by a PE-10 tube to a 34-gauge needle 2 mm longer than the guide cannula implanted into the animal head. At the end of the experiments, under ether anesthesia, the heart was exposed to intracardiac perfusion with saline followed by 10% formalin. The brains were removed and stored in 10% formalin. The tissue was frozen and cut into transverse sections (20-30 µm) which were stained with hematoxylin and eosin for analysis by light microscopy to confirm the position of the cannula in the LV. Data are reported as means ± SEM. Analysis of variance and the Dunnett t-test were used to determine statistical significance. Differences were considered to be significant at P<0.05.
Lateral ventricle injection of ANG II (12 ng/1 µl) and carbachol (2 nmol/1 µl) produced an immediate and marked increase in mean arterial pressure (MAP) (31 ± 1 and 28 ± 2 mmHg, respectively). Previous injection of losartan (3 min) blocked the pressor response induced by ANG II or carbachol (2 ± 1 mmHg and 5 ± 2 mmHg, respectively, P<0.01) (Figure 1 ). Lateral ventricle injection of ramipril (12 ng/1 µl) prior to carbachol reduced its pressor effect to 7 ± 3 mmHg (P<0.01) (Figure 2) .
Our results indicate that the pressor effect of centrally administered carbachol was impaired by previous administration of the AT 1 -receptor blocker losartan, and ramipril, a converting enzyme inhibitor. A previous study has shown that the sympathetically mediated increase in MAP produced by central administration of beta endorphin (7) is also attenuated by central treatment with an ANG II antagonist.
There are two potential interpretations of these data. The first is that there are central angiotensinergic pathways regulating sympathetic drive which are activated by a variety of potential neurotransmitters, including cholinergic drugs. An alternative hypothesis is that the "global" ability of ANG II antagonists to prevent increases in sympathetic ner- vous system activity, particularly in the case of carbachol, may indicate a nonspecific suppression of sympathetic nervous system function. Injection of cholinergic agonists, such as carbachol, into the LV increases water ingestion, vasopressin secretion, MAP and natriuresis. These effects are also produced by central injections of ANG II. The present results indicate that the pressor effect of carbachol involves the central angiotensin system and AT1 receptor activation. The pressor effect of ANG II was previously shown to depend on AT1 receptor activation (6, 15) and our data confirm these results (6, 15, 16) . Ramipril is an angiotensin-converting enzyme inhibitor acting as a prodrug, and the present results suggest that this drug may be implicated in the pressor response induced by central cholinergic activation. Our results show that low doses of ramipril were sufficient to alter an endogenous component that blocked the pressor effect induced by LV injection of carbachol. It has been demonstrated that systemic administration of ramipril reduces hypertension (17) . The site of carbachol action may be located in the circumventricular structures such as the subfornical organ (SFO) which is a major structure for the action of ANG II in inducing the pressor effect. Ramipril is effective in reducing severe essential hypertension (18) . The pressor effect of carbachol injected into the LV may be due to interaction with the renin-angiotensin system that releases angiotensin. We demonstrated that ramipril blocked the pressor effect of carbachol, possibly due to the inhibition of angiotensin synthesis. In conclusion, our results clearly show the interaction between cholinergic and angiotensinergic pathways in the regulation of blood pressure. This conclusion is based on the fact that the pressor effect of carbachol is blocked by the use of an ACE inhibitor. The participation of angiotensin in this effect was confirmed by the use of an AT1-blocking agent which also blocked the pressor effect of carbachol. It has been demonstrated that chemical sympathectomy with 6-hydroxydopamine (6-OHDA) reduces the water intake induced by ANG II (19) . Also, it has been demonstrated that 6-OHDA but not dopamine administration into structures of the ventral lamina terminalis produces ANG II response deficits. These findings are consistent with the interpretation that adrenergic but not dopaminergic neurons must be present in the structures of the ventral lamina terminalis in order to elicit normal angiotensin-induced drinking and pressor responses (20) . Taken together, these results lead us to conclude that angiotensin and adrenergic pathways interact to control central pressor effects and that the sympathetic nervous system plays an important role in this control. The cholinergic mechanisms may act with angiotensin or may favor the release of other hormones that produce the pressor effect. As previously demonstrated, the pressor effect of carbachol is not blocked by chemical sympathectomy (19) . 
